A nutritional intervention for 8 weeks was conducted in the elderly (>65 y) living in nursing homes in Shanghai, who showed body weight within the normal range but albumin levels of <35 g/L. The intervened took 400 kcal/day of a balanced liquid nutrition formula containing casein as a major protein source (90% of total protein) in addition to their daily diets, while the non-intervened took only daily diets. Daily diet intakes during the trial were 1738 ± 240 kcal/day in the intervened and 1612 ± 187 kcal/day in the non-intervened. The energy intake in the intervened was compensated for by reducing their daily diets, which resulted in a similar level to that in the non-intervened. This intervention resulted in intakes of protein and carbohydrate being significantly increased: P16.4%, F27.3%, C56.3% in the intervened; P13.0%, F36.3%, C50.7% in the non-intervened. Albumin level of the intervened increased from 32.7 ± 3.1 g/L to 37.3 ± 1.9 g/L, while it did not significantly change in the non-intervened: 30.0 ± 4.2 g/L to 31.3 ± 4.6 g/L. Using GNRI (geriatric nutritional risk index), nutritional risk levels were assessed; GNRI of the intervened significantly improved from 88.7 ± 6.3 (intermediate risk) to 95.7 ± 4.5 (low risk), while its status did not change in the non-intervened: 84.6 ± 7.7 (intermediate risk) to 86.5 ± 7.9 (intermediate risk). The intervention using a casein-based balanced liquid nutrition formula effectively improved pro-* Corresponding author.
Introduction
It is often noted that dietary intakes of the elderly do not provide necessary amounts of energy and protein. If a lack of energy and protein intake persists, it can lead to protein-energy malnutrition (PEM). PEM is a cause of a variety of health-related problems such as impaired daily life activity, decreased cure rate, increased incidence of complications, and prolonged hospitalization period [1] - [4] . PEM also deteriorates immune function of the elderly, which results in increased incidence of infectious diseases that affect life expectancy [5] .
The prevalence of PEM in Japan is reported to be 40% among the hospitalized elderly and 30% among the home-care elderly [6] . In Europe, it is reported that the prevalence of PEM ranges from 20% to 50% [7] - [9] . It should be recognized that PEM is the major concern regarding nutritional problems of the elderly in many countries. To avoid PEM and PEM-related problems in the elderly, it is necessary to prevent aggravation of an early stage of malnutrition that leads to PEM [10] - [12] .
PEM is defined by decreases in both serum albumin and body weight [13] [14] . For example, PEM classified as "low grade" is associated with albumin levels of 31 to 34 g/L and body weight levels of 85% to 90% of the ideal body weight. If no serious complications are involved, low levels of albumin without a decrease in body weight define this type of nutritional status as hypoalbuminemia or protein-malnutrition, which is caused by lowered dietary protein intakes [15] . If protein-malnutrition persists, it causes a loss of body weight, and subsequently deteriorates into PEM. Therefore, protein-malnutrition should be recognized as a preliminary step towards PEM, and it should be ameliorated by improving nutritional intake.
In this report, we describe a nutritional intervention trial performed in nursing homes for the elderly in Shanghai. The subjects' body weights were within the normal range, but their albumin levels were below 35 g/L, which revealed that they were suffering from protein-malnutrition. We conducted nutritional intervention for 8 weeks by using a balanced liquid nutrition formula as a nutritional support, whose major protein source is casein (90% of total protein). The results show that the intervention effectively improved protein-malnutrition. Along with the improvement of protein-malnutrition, nutritional risk levels were also improved.
Experimental Methods

Ethical Statement
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Human Ethics Committee of Shuguang Hospital, Shanghai University of Traditional Chinese Medicine.
Subjects
The elderly over 65 year old living in nursing homes adjunct to Shuguang Hospital, Shanghai University of Traditional Chinese Medicine and Shanghai No 3 Social Welfare Institution were enrolled. The participants were selected from among the elderly living without daily living aids based on their albumin levels (<35 g/L) and health conditions. The number of participants and their age distribution are shown in Table 1 .
Balanced Liquid Nutrition Formula
Meibalance HP 1.0 (200 kcal/200 ml/package, Meiji Co. Ltd., Tokyo, Japan) was used as a balanced liquid nutrition formula. Its nutritional data are shown in Table 2 . The protein in this balanced nutrition formula was con- 
Intervention
The intervened took 2 packages of Meibalance (400 kcal) in a day in addition to their daily diets (breakfast, lunch, dinner, and snacks): 200 kcal before or after lunch and 200 kcal before bedtime. Nutritional instructions were applied to the intervened to reduce their daily diets by 400 kcal. The non-intervened group took only their daily diets (breakfast, lunch, dinner, and snacks). The intervention period lasted 8 weeks.
Meal Survey
Physical measurements and blood biochemical measurements were performed at 0, 4, and 8 weeks in the intervened, while they were performed at 0 and 8 weeks in the non-intervened. Blood collection was performed at 8 a.m. before breakfast. Collected blood was applied to analyses at the hospitals with which the participants were associated.
Measurements
Nutritional Risk Assessment
Nutritional risks were assessed with GNRI (geriatric nutritional risk index) [16] using the following equation. GNRI = 1.489 × albumin (g/L) + 41.7 × body weight/ideal body weight Ideal body weight was calculated using Lorentz equations [16] . Male: height − 100 − (height − 150)/4 Female: height − 100 − (height −150)/2.5 When the body weight/ideal body weight ratio was >1, body weight/ideal body weight = 1 was used as described in the original report [16] .
GNRI risk levels are classified as follows: high risk, <82; intermediate risk, 82 to <92; low risk, 92 to ≤98; no risk, >98 [16] .
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 20 (IBM, Tokyo, Japan). The difference between two paired samples was tested by the paired t test. The difference between two independent samples was tested by the standard t test. The Bonferroni method for multiple comparisons was used to examine the difference in the time courses of albumin levels and GNRI.
Results
Nutritional Intake
Energy intakes in the intervened and non-intervened were 1738 ± 240 kcal and 1612 ± 187 kcal, respectively. There was no significant difference between them ( Table 3) . Intakes of the three major nutrients in the intervened were as shown in Table 3 . Protein and carbohydrate intakes were significantly higher in the intervened than in the non-intervened.
Nutritional Assessment
Markers measured for nutritional assessments are shown in Table 4 . Differences of the measured figures between 0 and 8 weeks are shown in Table 5 . 
Physical Measurement
By the intervention, body weight, BMI, arm circumference and arm muscle circumference increased ( Table 4 and Table 5 ). In the non-intervened, there were no such increases.
Blood Biochemical Analysis
In the intervened, albumin levels significantly increased; at the start of intervention, albumin level was below normal (32.7 ± 3.1 g/L), and at the end it was within the normal range (37.3 ± 1.9 g/L) ( Table 4 and Table 5 ). In the non-intervened, no significant increase in albumin levels was seen.
Electrolytes and Trace Elements
Among electrolytes and trace elements, the most significant increase was seen in Mg in the intervened, while the change in Mg in the non-intervened was much lower ( Table 4 and Table 5 ).
Geriatric Nutritional Risk Index (GNRI)
To classify the nutritional risk, GNRI was employed. In the intervened, GNRI improved from 88.7 ± 6.3 to 95.7 ± 4.5 in the intervened; at the start of intervention, it was classified as intermediate risk (GNRI = 82 to <92) and improved to low risk (GNRI = 92 to ≤98) ( Table 4 ). In the non-intervened, there was no significant change in GNRI. GNRI remained at the intermediate risk level during the trial period: 84.6 ± 7.7 to 86.5 ± 7.9 ( Table 4) .
Time Course of Intervention
The time course of intervention was analyzed regarding changes in albumin levels and GNRI at the time points of 0, 4, and 8 weeks during the intervention. Both albumin levels and GNRI significantly increased at 4 weeks, and then seemed to level off (Figure 1 ).
Discussion
This report describes a nutritional intervention study of the elderly living in nursing homes in Shanghai by employing a balanced liquid nutrition formula containing casein as a major protein source (90% of total protein).
The elderly who participated in this study were suffering from hypoalbuminemia or protein-malnutrition as assessed by an albumin level below 35 g/L. During the intervention period, liquid formulas were added to their daily diets. By this intervention, their albumin levels recovered to well above 35 g/L, and nutritional risk levels improved as well. 
Dietary Intake
Basal energy expenditures of the elderly who participated in this study were calculated to be 1267 ± 150 kcal for the intervened and 1242 ± 172 kcal for the non-intervened, according to the Harris-Benedict equation [17] .
When the activity factor of 1.3 is applied, assuming that the participants' daily activities are between sedentary and lightly active, their daily energy needs are calculated to be 1648 ± 195 kcal for the intervened and 1615 ± 224 kcal for the non-intervened. These figures coincide with those of the daily energy intakes of the intervened, 1738 ± 240 kcal, and the non-intervened, 1612 ± 187 kcal. These estimates indicate that the daily energy intakes of the participants were at an adequate level. This assumption is confirmed by the fact that their BMIs ranged from 22 to 24, an appropriate level. Meanwhile, the fact that the daily energy intakes of the intervened and non-intervened were at similar levels suggests that the improvement of albumin levels was not due to an increase in energy intake but rather should be attributable to an increase in protein intake. On the basis of the energy intake and its PFC ratio, the actual amount of protein intake is estimated to have been 71.2 g/day in the intervened and 52.5 g/day in the non-intervened. Assuming that the recommended dietary allowance (RDA) of protein for the elderly is 1.0 to 1.2 g/kg/day [18] , daily protein requirements are calculated to be 62.8 to 76.7 g/day for the elderly in the intervened and 59.5 to 70.9 g/day in the non-intervened. The actual intake levels of protein in the intervened accord well with the estimated range of protein RDA; it is reasonable to consider that the increase in albumin levels in the intervened was due to an increase in intake levels of protein as a result of the intervention.
Level of Intervention
In this study, a formula with 400 kcal/day of energy was included in the daily diet. As a result of this level of intervention, changes were seen in protein-related markers as above. It is not currently clear if this level of intervention is the most appropriate. The time period of intervention in this study was 8 weeks. When the measures at 0, 4, and 8 weeks of intervention were compared, albumin levels as well as GNRI significantly increased and seemed to level off at 4 weeks. This suggests that an intervention period of 4 weeks might be long enough; however, it also suggests that an intervention period longer than 4 weeks might be required to reach a stable level of nutrition.
A characteristic feature of the intervention in this study is that intakes of the formulas took place between daily meals. This style of formula administration might have been effective in providing protein sources to maintain better anabolic metabolism of protein. When protein supplementation was considered in terms of protein synthesis in the body, a large bolus intake at onetime is not recommended; rather intake evenly distributed throughout the day is better to retain a high level of protein synthesis in the body [19] . The formula placements in this study agree with this recommendation. It can be speculated that the nutritionally balanced formulas provided a wide range of nutrition including protein throughout the day, resulting in a better time distribution of nutritional provision to retain a reasonable level of metabolism, including protein anabolism.
Electrolytes and Trace Elements
The levels of electrolytes and trace elements in the participants were within normal ranges throughout the trial period, irrespective of whether they were intervened or non-intervened. However, a significant increase in Mg levels was observed. Mg is known as an electrolyte that enhances protein synthesis in cultured cells [20] - [22] ; therefore, an increase in Mg levels might be related to enhanced protein metabolism in the intervened. The level of Mg might have necessarily increased as it was supplied from a reservoir to coordinate the increase in protein metabolism. It is not clear if the increase in Mg levels was due to its supply from the formula.
Zn is also known to be related to enhancement of protein synthesis, such that Zn finger proteins are involved as the machinery of protein synthesis systems [22] [23] . An increase in Zn levels might be discussed in the same manner as an increase in Mg levels.
Nutritional Risk
It is known that PEM is strongly related to an increased risk of mortality, since malnutrition increases the incidence of a variety of diseases including infectious diseases [24] - [27] . It is also known that PEM augments physical functions of the elderly and aggravates physical dysfunction [27] [28] . Geriatric nutritional risk index (GNRI) was proposed to identify or classify mortality/morbidity risk levels in relation to PEM levels, which are defined by albumin levels and body weight; GNRI is calculated by an equation using albumin levels and body weight as variables. However, it is also designed to be applicable to subjects whose weight loss is not significant. Therefore, GNRI was applied to classify levels of nutritional risk of the elderly in this study.
The intervened in this study were classified as being at the intermediate risk level of GNRI at the start of the trial, and they then recovered to the level of low risk after intervention. This result indicates that the intervention using the formula was effective to help the elderly improve their albumin levels. In other words, the elderly need to modify their daily diets by some means; if they do not improve their diets, they may lose weight as aging proceeds, and they may eventually suffer from PEM, resulting in increased levels of nutritional risk.
Long-Term Intake of Casein as a Major Protein Source
The balanced liquid formula used in this study contains cow milk casein as a major protein source (90%). Casein is a class of protein in milk that is recognized as a slowly available protein; casein curds in the stomach and is slowly excreted into the jejunum. Due to this slow gastric emptying, casein shows different characteristics with respect to postprandial blood amino acid levels as compared with other proteins such as whey proteins that do not curd; whey proteins increase postprandial blood amino acid levels more than casein does [29] . Based on these results, it is suggested that greater levels of transient blood amino acid induced by whey proteins might compensate for impaired sensitivity to blood amino acids in the elderly, and improve their protein-malnutrition [30] . In contrast to these speculations, the balanced liquid formula containing casein as a major protein source was shown to improve protein-malnutrition in the elderly as described in this report. Our results suggest that long term intake of protein (either whey, casein or a mixture) is necessary to improve protein-malnutrition and maintain body protein balance.
Merits of Using Balanced Liquid Nutrition Formula
There are two major ways to improve daily diet intakes; one is to modify daily diets themselves, and the other is to apply nutritional support. Modification of daily diets so as to meet daily dietary needs is probably the better way than mundanely applying nutritional supports. However, a trial to modify diets faces the difficulties that it requires subjects to overcome lifestyle habits and it takes time to obtain nutritional knowledge and then apply it to one's daily diet. Even though the ideal goal may be the long-lasting modification of daily diet, nutritional support will provide a beneficial means to supply nutritionally high-quality diets to help fulfill daily requirements without deteriorating the nutritional balance of daily diets. The formulas would be usable as a means to improve the nutritional status of the elderly when appropriately applied in nutritional improvement programs.
